Abstract Floral odor is a key trait for pollinator attraction in many plants, but may also direct antagonists like herbivores to flowers. In this study, we examined how floral scent changes after pollination in Silene latifolia, which has a specialized relationship with the seed predator Hadena bicruris. We found an overall decrease in total scent emission and considerable changes in relative amounts of scent compounds after pollination. Lilac aldehydes A and B as well as veratrole contributed most to the decrease in scent emission. These three compounds are known to be key signals for the attraction of H. bicruris to the flowers. A specific downregulation of these compounds may increase the reproductive success of the plant by reducing seed predation after pollination.
, and circadian rhythms (e.g., Dötterl et al., 2005; Negre et al., 2003) .
Of particular interest is the variation in scent emission before and after pollination. Postpollination changes in scent production reduce metabolic costs and decrease the attractiveness of the flower, thus directing the pollinator to other flowers of the plant and increasing overall reproductive success (Schiestl and Ayasse, 2001) . In Silene latifolia Poiret (Caryophyllaceae), a perennial native to Europe, postpollination changes may have the additional function of reducing the attraction of seed predators (Dötterl et al., 2005) . S. latifolia has a close relationship with Hadena bicruris Hufnagel (Lepidoptera, Noctuidae), with H. bicruris designated as a parasitic pollinator. The female moths pollinate the female flowers. After nectar ingestion, they lay their eggs in the flower. The larvae subsequently feed on the developing seeds (Bopp and Gottsberger, 2004) . Usually, there is one larva hatching per vessel. Once the larva has eaten the whole seed set, it moves to another intact vessel (personal observation). Adult female moths are attracted to flowers mainly by scent, and lilac aldehydes A-D and veratrole were found to be key compounds in their attraction (Dötterl et al., 2006) . These compounds make up about 80% of the total blend (Table 1) .
If postpollination changes are adaptive in terms of reducing the attraction of seed predators, a specific downregulation of the behaviorally active compounds should be observed. The present study aimed at analyzing compositional and quantitative changes in the floral scent emission of S. latifolia after pollination. Furthermore, we analyzed whether pollinatorattracting and nonattracting compounds changed differently in the pollinated flowers.
Methods and Materials

Plant Material and Sample Size
Sixteen potted female plants were grown from seeds collected in 2003 from a S. latifolia population located in Leuk (Switzerland). The inflorescence of each potted plant was separated into two equal parts of 3-10 flowers. One part of each inflorescence was handpollinated, whereas the other remained unpollinated. Pollination was achieved at 7 p.m. by dabbing a female flower with a male flower. We used only female flowers that underwent anthesis 24 hr before treatment. Older flowers and buds were removed.
Scent Collection
Floral scent was collected during the first and second night after pollination, from 8 p.m. to 7 a.m. Each treated inflorescence was separately packed in an oven-baking bag (PET, Toppits ® ). A filter was placed inside the bag and connected to a vacuum pump (Personal Air Sampler, SKC Inc.) drawing the air at a rate of about 140 ml/min. Air in the bag was drawn over the filter consisting of 5 mg of Porapak Q as an adsorbent material, sealed in a small glass tube. Nine filters were connected by silicone tubes to one vacuum pump, one of them sampling surrounding air to identify background contamination. Before scent collection, filters were cleaned with 100 μl dichloromethane and 100 μl hexane. After sampling, desorption was achieved by slowly running 50 μl of a hexane/acetone mixture (9/1) through the filter. Desorption was carried out immediately after sampling. Eluates were stored at −20°C in sealed glass vials for later analysis.
Quantitative Gas Chromatographic Analysis and Compound Identification
Before analysis, 100 ng of n-octadecane (Fluka, Buchs) were added to each sample as an internal standard. One microliter of the eluate was injected splitless at a start temperature of 50°C into a gas chromatograph (Agilent 6890N) equipped with an HP5 column (30 m × 0.32 mm × 0.25 μm) and a flame ionization detector. Hydrogen was used as the carrier gas and nitrogen as make-up gas. The injector temperature was kept at 300°C. The oven was kept at 50°C for 1 min, then heated to 150°C at a rate of 5°C/min, and subsequently to 300°C at a rate of 10°C/min, and kept at 300°C for 10 min. Chromatograms were analyzed with the program ChemStation (Agilent Technologies). Absolute amounts of compounds were quantified by using the internal standard (IS) method, i.e., by integrating the peak of every substance and dividing every peak area with the integrated IS peak area and multiplying with the IS amount. None of the samples of surrounding air contained considerable amounts of one of the compounds used in our analyses. Thus, we did not subtract these samples. For a few samples, gas chromatographic analyses with mass selective detection (Hewlett Packard G1800 A) were conducted by using identical column and oven parameters. Compounds were identified by comparison of retention times and gas chromatography-mass spectrometry (GC-MS) spectra with those of known standard compounds.
Data were first checked for normality (Shapiro<Wilk test) and homogeneity of variances (Levene test) and then analyzed with t test and ANOVA.
Results and Discussion
We found 28 odor compounds in our samples, 2 of which belong to the class of fatty acid derivates (nonanal and octanal), 8 to the class of benzoids (benzyl acetate, benzaldehyde, benzyl benzoate, methyl benzoate, 2-methoxyphenol, methyl salicylate, phenylacetaldehyde, phenylethyl alcohol, and veratrole), and 12 to the class of terpenoids (camphene, eucalyptol, lilac aldehyde A, lilac aldehyde B, lilac aldehyde C, limonene, linalool, 6-methyl-5-hepten-2-one, trans-β-ocimene, α-pinene, β-pinene, and β-farnesene) (see also Dötterl et al., 2005) . Five of the reported compounds remained unidentified (Table 1) .
Pollinated plants emitted significantly lower total scent amounts over the two nights than unpollinated plants (unpollinated: mean ± SE, 408.90 ± 105.33 ng·h −1 ·l −1 ·flower −1 ; pollinated: mean ± SE, 95.68 ± 29.55 ng·h
; t test: t = 2.86, df = 60, P < 0.01). Earlier studies on postpollination changes have also found a decrease in total scent emission. Tollsten and Bergström (1989) and Tollsten (1993) , for example, detected a decrease in scent production of Platanthera bifolia. In Ophrys sphegodes, the scent emission also decreased after pollination (Schiestl et al., 1997) . In two thistle species, scent decreased strongly after pollination leading to reduced attractiveness of the flowers to honey bees (Theis and Raguso, 2005) . Dötterl et al. (2005) showed that S. latifolia almost completely stopped emitting scent only 24 hr after pollination. In our study, there was an approximately fourfold decrease in total scent emission (see above). Lilac aldehydes A and B as well as veratrole, which made up about 80% of total scent emission before pollination, contributed most to this decrease (Fig. 1) . Most of the other compounds remained unchanged after pollination (Fig. 1) . In terms of relative amounts, pollinated plants sampled on the first and second night emitted significantly lower proportions of lilac aldehydes A and B than unpollinated plants sampled in the first night [lilac aldehyde A: ANOVA, F(3,58) = 6.21, P = 0.001; Lilac aldehyde B: ANOVA, F(3,58) = 5.84, P = 0.001]. Unpollinated plants sampled on the second night, however, emitted the same relative amounts of lilac aldehydes A and B as pollinated plants sampled on the first and second night [lilac aldehyde A: ANOVA, F(3,58) = 6.21, P = 0.001; lilac aldehyde B: ANOVA, F(3,58) = 5.84, P = 0.001]. This could be due to senescence in flowers. For most of the other compounds, pollinated plants emitted the same or greater relative amounts than unpollinated ones (Table 1) . Compounds elicit electrophysiological signals (Dötterl et al., 2006) . b As lilac aldehyde C and benzyl acetate coelute and the amounts of benzyl acetate are much lower than the amounts of lilac aldehyde C, they are listed together in the class of terpenoids. Fig. 1 Mean (+ SE) absolute amounts of (a) the four most abundant electrophysiologically active scent compounds and (b) the four most abundant electrophysiologically nonactive compounds (Dötterl et al., 2006) sampled over the 2 days. Lilac aldehydes A and B and veratrole significantly decreased after pollination (*t test: t = 2.20, df = 60, P < 0.05; **t test: t = 3.33, df = 60, P < 0.01), whereas the other six analyzed compounds did not change significantly after pollination (t test, df = 60, P > 0.05, n.s.)
There are contradictory results on compositional changes in scent emission reported in the literature. In P. bifolia, the relative amounts of scent compounds remained almost constant after pollination (Tollsten and Bergström, 1989; Tollsten, 1993) . By contrast, pollination changed the bouquet composition of Cirsium repandum (Theis and Raguso, 2005) and O. sphegodes (Schiestl et al., 1997) . Interestingly, in the latter species, the emission of farnesyl hexanoate, which functions as a repellent compound for the pollinator (Schiestl and Ayasse, 2001) , increases after pollination. This mechanism is thought to direct pollinators to other, as yet unpollinated flowers, thereby maximizing the overall reproductive success of the plant. The strong compositional changes in the floral odor of S. latifolia are mostly due to a decrease in lilac aldehydes A and B as well as in veratrole. Since these compounds have been demonstrated to be of key importance for host finding in S. latifolia (Dötterl et al., 2006) , we interpret their drastic reduction after pollination as a mechanism for avoiding or reducing further parasitism by the nursery pollinator H. bicruris.
Taken together, our results show how adaptations in the chemical communication between plants and their pollinators can be fine-tuned to the regulation of specific compounds in the odor bouquet. Furthermore, our findings underline the key functions of the lilac aldehydes and veratrole for plants_ reproductive success, which is largely determined by the attraction of pollinators and avoidance of seed predators.
